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The  work  carried  out  under  the  aponr.orahip  of  the  ouhject  £^rant  falls 
in  the  general  field  of  a critical  amlysls  of  the  apectra  of  certain  diatomic 
molecules . 

The  B-X  spectrum  of  molecular  sodium  has  been  investigated  since  the 
birth  of  r.iol(:cular  spectroscopy  \.here  X is  the  ground.  state  and  R is  an 
excited  state.  An  analysis  of  thl.s  system  b^'  the  use  of  la.ser  excited 
fluorescence  spectrn.scopy  has  been  under  te.ken  by  Dent  ruder,  I'cCJJnt(>ck  .and 
Znre  and  also  bj'  TicmLrbder  and  Etoidc.  The  results  of  those  ar..'ilyses  cont^’.in 
consider.able  amhiguitiei:  tb.at  deserve,  clarific.ation.  have  made  a re.jor 

analysis  of  that  spectrum  \;hich,  in  its  final  form,  includes  about  13,000 
assiguad  line;;.  A le.rg.','  extension  of  the  a vai  .1  nhl  e data  occurred  (h.rcuigh  the 
excitation  of  many  v il>rat  Lonal.  and  rotational  levels  in  the.  li  ste.  te  by  colli- 
sion betv/e€'n  rajlcdiles  directly  excited  by  the  laser  and  atoms  of  the  buffer 
gas.  vrnereas  tlie.  older  analyses  identified  only  a relatively  small  number  of 
levels  in  the  upper  state  directly  cxciti-d  by  tlie  laser,  va''  h.ave  ichintified 
more  than  1,000  levels  in  the  E state,  l.'o  reproduce  th.e  dat.a  through  .a  Dueha.a 
Exp.rnsion,  with  a root  mean  r.qu.are  deviatioii  bt'.tueen  ohser\'ed  e.r.u  calculated 
line  frequencies  of  .about  0.010  cm  Our  constants  will  r'.akc;  if  posiiiMe 
for  Investigators  to  deternine  the  frequency  of  any  line  in  the  )!-X  s.pectriri 
V7ith  very  higii  prccir;ion.  hV-  have,  for  the  fir.'-.t  tii.-e,  C'.-.taM i.-.h.-d  that  the 
centrifugal  distortion  constant,  0^,  agrees  with  the  I heorcLic.al  v.ilue  of  that 
constant  for  .an  h.artiionl'.  o.ac ! 1 1 .ator  to  bettu.r  than  O.P.S'i.  t.’  ' love  alr.o  d.e  am- 
£;tr.ated  limit  the  rot.atiou.il  energ.y  cannot  readily  he  der.cribed  by  the  convent  ioii.il 
expansion.  It  has  not,  up  to  thi.!!  point,  he.”n  posr.ihle  to  exaialnv  the  r-ffeet  in 


detail  because  of  t he  lar<',e  corre1;itluu  bet  i;t‘t!ii  t lu>  ron.st  aiiL5;  that  appear  In 
our  Ihinham  Kxpaualon.  For  13,000  llnef:  \;o.  required  72  coristnntr.  to  yif  ld  the 
fitting  of  the  data  to  a formula  as  dcscrJbcul  above.  V.'e  can  only  belie.ve 


that  the  Duah;ita  Expansion  is  strained  to  allow  the  repre5;cntat  ion  of  tlie  data. 
An  extended  paper  dealing  v/ith  this  analysis  is  now  in  the?  jn-ocess  of 
preparation. 

h’e  hr;ve  examined  tb.e  spec.trur.:  of  tltc  A-X  systiTi  (A  is  an  excitovl  ’ 
fitate)  of  molecular  sod  lura  from  tb.e  abruu  ptioa  r.pectrun  ar;  observed  with  the 
very  high  rcsolutloii  a.nd  dispersion  gr.UIag  at  the  Argoane  hatioral  Lai'ora.- 
tories.  Th.ere  are  two  SL-parable  pro'eie:':.=;  assoc  I at  v-.d  v.’lth  the  .syi.ten.  Ti^e 
first  prohleiu  is  the  perturl' at  ion  of  th.o  ilias.  in  the  A state  th.roug.ii  an 
interaction  i.'ith  a state  of  r.cutii'.m.  ho  iswi*  hoon  aii^o  to  ohsrive  t la* 


perturbations  up  to  a vibrational  quantum  nunber  In  tiie  A state  of  .dicnit  70. 

An  analysis  of  these  periuri'.'.tious  ailc'vs  the  cUteriiiiial  Lon  of  thc^  const  e.nt 
of  the  ^y.  state  to  considoranle  accuracy.  A prel  iidnai'j'  report  of  t lis  c.-orh 
has  been  pui>lislied  by  XevrIIl  Uessel  and  F.  Kusch  In  tiic  Jcuhirifi^  Clicr:ica( 
P/tt/i.tC4,  Vol  . 63,  l!o.  9,  1 lioveraber  1975.  The  other  prciMoin  of  interest  Is 
tlie  extension  of  the  vibrational  ciiiantum  nuiiibers  in  tlie  upper  state  to  vc-ry 
high  valucis  which  allows  a precision  dotcTmination  of  the  potent!  '1  curve  of 
the  A state'.  Vie  have  been  able  to  identify  Ic'.veis  up  to  a v*  c>f  '<0.  Tb.e 
ground,  X state,  is  admira.bly  del.Ineated  in  the  v;ork  as  described  in  the  first 
r.cc;tion  of  this  I'eport.  The  rhsorption  npectrum  vliLcli  cannot  give  inforriat  ion 
.about;  vibrational  levels  of  the  grour.d  stale  in  great,  detail  di'es  allow  the 
detailed  t'escrl ['tlon  of  tb.o  excited  A .stal.e.  Papers  are  being,  I'ri'p.an-d  to 
de:;crlt)e  onr  rcnjulLs,  both  of  the  pertuia>.at.Ion;;  and  tlie  eal.cn.sicsi  of  t h.i' 
spectrum  to  very  high  cpi.aiituia  numbers. 


In  reading  a dissertation  by  Donald  thai,  the  j)rincipal  Invest  :ig,ator 
in  the.  present  p,rant  discovered  blnudors  in  the  analysis  oi  tlie  A-X  systen 
of  nolccnlar  lithium  and  a new  analysis  v/as  made.  The  principal  investigator 
subsequently  learned  that  Daniel  Kouowalow  at  the  State  University  of  New  York 
at  binghamton  was  working  on  the  theory  of  the.  A .state  of  litiiiinri.  Tt  gives 
gre.at  satisfaction  to  both  the  principal,  inve.st  Ignitor  and  to  I’roCes.sor  Konow.alow 
to  discover  tluit  our  i\cs-/  analysis  and  his  theorf^ticai  work  fit  adr.ni  r.'.hl  y and 
reinforce  e.ich  other.  A p.iper  on  the  analysis  of  the  A-X  sys.tc'in  of  Li2  h.as 
been  incorpor.ated  into  an  .article  \.hich  has  been  nccepLtul  for  pnblication 
by  the  .TotWi'af  Oj  Clu’rUccC  I’lu'S'ci. 

All  tb.e  work  done  under  t snbjtict.  cout  rac.I  h.  s been  the.  ](i.!ut  effort 
of  the  prlncipe.l  i nv.^.st  i >>,a:  (>r  and  Dr.  He.7'iill  Uessel  al  the  "atic'ual  TUireau  of 
Standards  at  boulder,  Colorado.  The*  iiniaeiKU’  .nnount  of  calrulatiun  th.it  i.'.as 
requlta-d  in  the  prop.ram  pei-fonned  ;it  t h(^  llalional  bureau  of  Standards. 

TIu'  recerdiug  of  ;;pect  r.-i , both  f liiori'sceiit  .and  .alisorptlon,  \.’as  done  at  the 
Argonne  National  Laiu>rat  or  i es  .at  Argoime.,  Illinois,  before  the  heglnnlug  of 
the  present  coatr.act.  'Die  plate.',  v/i're  iie.isnred  at  the  liational  Duree.u  of 
Stand.ards . 

\Jv  believe  th.it  v/e.  liave  made  definitive  analyses  of  the  spectra  described 
above.  ITirther,  the  jityle  of  the  analyses  will  point  out  some  of  tlie  traps 
into  which  one  may  readL.iy  fall  in  a detailed  analysis  of  .spectra. 
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Tl\e  work  carried  out  uiuUt  the  sponsor.sh  Ip  of  the  fuihjoct  grant  falls  in  the 
geuer.nl  field  of  a critical,  analysis  of  the.  snertm  of  certain  diatomic 
in<jlecules.  An  .iii.i  I yr.  i s h.is  heen  m.iiie  on  the  H - X simi  I rum  ol  moloeul.ir  si'diiim.  i 
About  1 i ,000  lines  li.iv('  Ih'oii  a s s i g.iu'd . Tlu'  d.it  a has  bopii  reproduced  througli  .i 
nimh.iiii  I'.xp.ins  i on  with  ,i  root  moan  .s<iu.ire  ib'viation  lu'twec'n  observed  nul  < .i  1 cn ! .it  e<l 
line  f reipiene  i e r.  ol  .ilnnit  0.010  invi'rse  cent  iineters.  The  i oie.l  .ml  s in  I be 
e.\p,ins  ion  will  m.ike  if  possible  (or  i nvest  i g.if  o rs  to  <le(  ertiii  n<-  (be  I re((neiu  v ol  .im 
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